Abstract A series of steroidal N-2 0 -hydroxy ethenyl-7a-aza-B-homo-5a-cholestane-7-one and its analogs were prepared by the reaction of steroidal a,b-unsaturated ketone with 2-azidoethanol in the presence of BF 3
Introduction
The chemistry of steroids is a matter of great interest because of their immense use in research and industry owing to their broad biological and pharmacological potential (Duong et al. 1976; Thach et al. 1976; Roland and Allaudeen 1990; Dwivedy et al. 1993; Anna et al. 2003; Bimal et al. 2005; Jeffrey et al. 2005; Margaret et al. 2005 ). Many studies have described the introduction of heteroatoms in steroid skeletons. Insertion of the nitrogen atom into the steroidal moiety may provide azasteroids and alter its chemical properties, resulting in new types of biological activity. However, insertion of nitrogen into steroidal nuclei has been affected by the reaction of steroidal ketones with hydrazoic acid in the presence of Lewis acids. The Beckmann rearrangement of oximes and the Schmidt reaction are well-documented protocols for the synthesis of lactams.
Azasteroids are obtained in the presence of Lewis acids (i.e., BF 3 . OEt 2 ), which act as both activating catalysts and dehydrating agents (Ahamad and Siddiqui 1968; Ahmad et al. 1971; Ahmad and Pillai 1973; Mushfiq and Iqbal 1986; Aube and Milligan 1991; Aube et al. 1992; Gracias et al. 1995; Craig and Aube 1996; Kantorowski and Kurth 2000; Nami et al. 2013; Alam et al. 2014a, b) . However, many conventional rearrangement methods involve drastic conditions and are accompanied by the release of harmful by-products into the environment. Boron trifluoride-etherated (BF 3 . OEt 2 ) is a thin, colored, and fuming liquid used in industry and organic synthesis. Since, BF 3 . OEt 2 is a liquid that fumes in air and reacts with the moisture to form HF, its handling and usability in liquid form are hazardous, and the supported form is preferable. From the clinical point of view exposure to BF 3 . OEt 2 may affect the nervous system, kidneys, and lungs, as well as cause anemia, nausea, pulmonary edema, and irritation in the skin. Thus, considerable effort has been devoted to designing more effective and milder versions of this reaction.
Silica-supported boron trifluoride (BF 3 . SiO 2 ) is a bench-top catalyst that is reusable, inexpensive, readily available, eco-friendly, versatile, and efficient for the promotion of many acid-catalyzed organic reactions. No special precautions are required for the preparation, handling, or storage of this catalyst, and it can be stored at ambient temperature for months without losing its catalytic activity. In this study, a modified version of the Schmidt reaction was adopted as reported by Gracias (1995) . Specifically, hydrazoic acid and BF 3 . OEt 2 were replaced by hydroxyalkyl azide and silica-supported BF 3 , respectively. The purpose of this investigation was to extend the scope of the steroid reactions from easily accessible steroidal a,b-unsaturated ketones with 2-azidoethanol in the presence of a top bench catalyst (Wilson and Clark 1998; Sadeghi et al. 2008) , silica-supported BF 3 . The in vitro biological activity and molecular docking of the azasteroids were then investigated. Frontier molecular orbital, molecular descriptors, and physicochemical calculations were also conducted by DFT using the initial level theory, semi-empirical PM3 method, and Molinspiration software, respectively. The descriptors mentioned above play critical roles in correlating the structure with reactivity and the site selectivity of various bio-active molecules. Molinspiration software draws a parallel relationship between electronic properties and physicochemical parameters with biological activity of the synthesized compounds (Alam and Lee 2015) .
Materials and methods

Materials and physical measurements
Unless otherwise indicated, all common reagents and solvents were procured from standard sources and used without further purification. The starting materials cholest-5-en-7-one (1), its 3b-acetoxy (2) and 3b-chloro (3) were synthesized as previously described (Sorm 1947; Dauben and Takemura 1953; Milburn and Truter 1956) . Melting points were determined on a scientific melting point apparatus and were uncorrected. The IR spectra were recorded on a Shimadzu IR-408 Perkin-Elmer 1800 (FT-IR) using neat films of the samples, and the values were given in cm -1 . The 1 H-and 13 C-NMR spectra were run in CDCl 3 on a Bruker Avance-II 400 MHz instrument with TMS as the internal standard and J values in Hertz. Chemical shifts were reported in ppm (d) relative to the solvent peak. Mass spectra were recorded on a JEOL D-300 mass spectrometer (Jeol, Tokyo, Japan). Elemental analyses (C, H, N) were conducted using a Carlo Erba analyzer 1108. The size and morphology of nanoparticles were investigated by Scanning Electron Microscopy JEOL (JSM6100). Thin-layer chromatography (TLC) glass plates (20 9 5) were coated with silica gel G 254 , 0.5 mm thickness (Merck, Germany) and exposed to iodine vapors to check the purity as well as the progress of the reaction. The obtained residue (catalyst) was kept for reuse and stored in a dry container. WebMo and Gamess interface were used to calculate the quantum mechanical descriptors using the basic level of theory and PM3 semi-empirical method.
Preparation of the catalyst BF 3 . SiO 2
Silica-supported boron trifluoride catalyst was prepared from silica gel and BF 3 . Et 2 O using the reported method (Supplementary material).
Preparation of steroidal N-substituted lactams (General procedure) Ketone (1, 2 or 3) (200 mg: 0.45 mmol) was added to an oven-dried 50 mL round-bottom flask equipped with a magnetic stirring bar, after which 2-azidoethanol (250 mg: 1.54 mmol) and BF 3 . SiO 2 (15 % mol) in dichloromethane (15 mL) were added. The reaction mixture was then stirred at reflux temperature under anhydrous conditions for 4 h, during which time the progress of the reaction was monitored by TLC. After completion of the reaction, the reaction mixture was cooled, diluted with dichloromethane (25 mL), and the catalyst was removed by filtration. The filtrate was then neutralized with 10 % aqueous NaHCO 3 solution (10 mL), washed with water, and dried over anhydrous sodium sulfate. Evaporation of the solvent gave an oil that was crystallized from MeOH to yield the compound as a glassy semisolid or oil (4-6).
N-2
0 -hydroxyethenyl-7a-aza-B-homo-5a-cholestane-7-one (4) Yield: 65 %, colorless oil; IR (Nujol, c) 3385-3440 (OH), 1655, 1631(C=C-CON), 1285 (amide), 1358 cm -1 (C-N); 1 H-NMR (400 MHz, CDCl 3 , d H ) 5.7 (1H, s, H-6), 4.1 (2H, m, H-3), 4.2 (2H, t, J = 5.1 Hz, CH 2 OH), 4.4 (2H, t, J = 5.1 Hz, CH 2 N), 2.0 (1H, s OH), 1.3 (3H, s, 10-CH 3 ), 0.95, 0.85, 0.66 (3H, s, methyl protons); 13 C-NMR (100 MHz, CDCl 3 , d C ) 167.3 (O = C-N), 157.5 (C-5), 121.3 (C-6), 56.7 (C-14), 56.2 (C-17), 52.5 (C-8), 53.9 (C 0 -1), 49.1 (C-9), 47.7 (C 0 -2), 42.9 (C-13), 39.6 (C-12), 36.9 (C-1), 36.5 (C-20), 36.1 (C-22), 34.9 (C-10), 32.1 (C-4), 28.1 (C-16), 28.7 (C-24), 27.7 (C-2), 25.5 (C-3), 24.9 (C-23), 24.0 (C-15), 22.9 (C-25), 22.7 (C-11), 22.1 (C-27) 
Antibacterial activity assay
Antibacterial activities of azacholestanes (4-6) were tested against Gram-positive (Staphylococcus aureus and Staphylococcus pyogenes) and Gram-negative (Pseudomonas aeruginosa, Klebsiella pneumonia, and Escherichia coli) strains of bacteria by the disk diffusion method (Bauer et al. 1966; Galani et al. 2008) . The optical density of the culture was determined at 600 nm, after which it was diluted and added to wells at a final density of 10 7 cfu/100 lL of bacterial solution. Ciprofloxacin was used as positive control, while dimethyl sulfoxide (DMSO) was used as negative control. The susceptibility was then assessed based on the diameter of the zone of inhibition against Gram-positive and Gram-negative strains of bacteria. Inhibition zones were measured and compared with the control (Table 1) .
Antifungal activity assay
Antifungal screening of the compounds against Penicillium marneffei, Aspergillus fumigates, Trichophyton mentagrophytes, Candida albicans, and Candida krusei in DMSO was also carried out using the disk diffusion method (Oz et al. 2014) . The fungal activity of each compound was compared with Amphotericin B, a standard drug. The optical density of the culture was determined at 600 nm, after which the samples were diluted and placed in wells at a final concentration of 10 4 cfu/100 lL of fungal solution. Inhibition zones were measured and compared with the controls. The fungal zones of inhibition values are given in Table 2 .
Antioxidant activity assay
Azacholestanes (4-6) were tested for their antioxidant activity by 2,2-diphenyl-1-picrylhydrazyl (DPPH) assay (Blois 1958; Kato et al. 1988) . The stock solution of compounds (4, 5 or 6) (1 mg/mL) was diluted to a final concentration of 2, 4, 6, 8, and 10 lg/mL in methanol. Then, 1.0 mL of methanolic solution of DPPH (concentration, 0.3 mmol/L) was added to 3.0 mL of drug solution of different concentrations. The mixture was then shaken and left at room temperature for 30 min, after which the absorbance was measured at 517 nm using a UV-1800 spectrophotometer and compared with that of the control. The ability to scavenge the DPPH radical was calculated as follows:
where A Control is the absorbance of the control and A Sample is the absorbance in the presence of compounds or the positive control at different concentrations. The methanolic DPPH solution (1 mL, 0.3 mmol) was used as a control. The scavenging activity was expressed as the IC 50 value, which is defined as the concentration (lg/mL) of compound required for scavenging of DPPH radicals by 50 %. IC 50 values were determined by linear regression analysis using at least five different concentrations in triplicate (Table 3) .
In silico studies
The retrieved protein associated with the E. coli (4BH5; pdb) expression system was improved by the import and preparation option of the MVD software, and missing bond order, hybridization state, angle, and flexibility to achieve reliable potential binding sites in the receptor. The energy-minimized ligands (or synthesized compounds) were drawn with ChemDraw Ultra (2D & 3D), and the prediction of ligand structural properties was conducted using the Discovery studio (Accelrys Software Inc., Discovery Studio Modeling Environment, Release 3.1, 2011), MVD (Thomsen and Christensen 2006) , ChemAxon, and LigandScout (Wolber et al. 2007 ). 3D coordinates and docking calculations were performed using Docking server. Gasteiger partial charges were added to the ligand atoms, non-polar hydrogen atoms were merged, and rotatable bonds were defined. Both proteins and ligands were then uploaded and default docking parameters were set to the binding score. In the default parameters, distance-dependent dielectric functions were used to calculate the van der Waals and the electrostatic terms, respectively. The docking results of each compound were generated automatically based on hydrogen bonding, electrostatic forces, van der Waals forces, and hydrophobic interactions due to non-polar residue interaction and alteration of the water structure effects. These programs mentioned above were used to perform molecular docking and determine the energy profile of ligand-receptor interactions independently.
Computational methods
Molecular descriptors including heat of formation, electrophilicity (), global softness (), global hardness (), chemical potential (), dipole moment, frontier molecular orbitals (FMOs), and physicochemical properties of the compounds take part in the generation and escalation of bioactivity (Alam et al. 2014a, b; Alam and Lee 2015) . The heat of formation is used to indicate the level of stability of the compounds in terms of thermodynamically parameters. The highest occupied molecular orbital (HOMO) and the lowest unoccupied molecular orbital (LUMO) are important parameters that are known as frontier orbitals, which determine the way compounds interact with other species in biological and chemical systems using their outermost orbitals through a bridge platform, an accepting and donor system. FMO and its energy were computed with the Ab initio and semi-empirical calculations Gamess program using the STO-3G basis set and PM3 under the WebMO platform. Therefore, the energies of the HOMO and LUMO are directly related to the ionization potential and the (Ertl et al. 2000) as a sum of fragment contributions, with oxygen-and nitrogen-centered polar fragments considered. The maps of molecular lipophilicity potential (MLP) and TPSA were viewed using Molinspiration Galaxy 3D Structure Generator and the ChemAxon software.
Results and discussion
Chemistry
The present study investigated the synthesis of substituted N-hydroxy lactams in the cholestane series. Therefore, easily accessible steroidal a,b-unsaturated ketones such as cholest-5-en-7-one (1) (Dauben and Takemura 1953) and its 3b-acetoxy (2) (Sorm 1947 ) and 3b-chloro derivatives (3) (Milburn and Truter 1956) were used as starting materials. These ketones (1-3) were treated with 2-azidoethanol and the obtained products (4-6) (Scheme 1), then characterized based on their elemental analysis and spectral studies. The IR spectrum of representative compound 4 displayed characteristic bands at 3385 (OH), 1655, 1631(-C=C-CON-), 1285 (amide band), and 1358 cm -1 (C-N). The appearance of new bands at the expected regions confirmed the attachment of reagent, followed by the formation of compound 4. In the 1 H-NMR spectrum of compound 4, a singlet at d 5.7 ppm representing integration of one proton was assigned to C6-H. Important peaks supporting insertion of the nitrogen atom into steroidal skeleton were observed as triplets at d 4.4 (J = 5.1 Hz) and 3.0 (J = 5.1 Hz), which may be ascribed to CH 2 -N and CH 2 -OH integrating for two protons each. Similarly, a singlet was observed at d 2.0 ppm, but disappeared when exchanged with deuterium. However, the angular methyl protons were observed as singlet and side chain methyl protons as doublets at d 1.3, 0.95, 0.85, and 0.66 ppm, respectively. These spectral studies are in accordance with the formation of compound 4. Moreover, the peak appearing in the range of d 167-171 ppm in the 13 C-NMR spectrum corresponds to -N-C=O of the lactam, implying the insertion of a nitrogen atom of the azidoethanol reagent into the steroid B-ring, while other characteristics of 13 C-NMR signals appeared at d 56.5 (C 0 -1), 48.1 (C 0 -2), and 37.1 ppm (C-7a), respectively. Additional support for the structure of compound 4 was provided by its mass spectrum, which showed a prominent molecular ion peak at m/z 443 and other notable peaks, including m/z 330 [M-
? . The proposed mechanism for the formation of the products (4, 5, and 6) is given based on a literature review (Nami et al. 2013; Alam et al. 2014a, b; Aube et al. 1992; Kantorowski and Kurth 2000; Ahmad and Pillai 1973; Craig and Aube 1996; Aube and Milligan 1991; Gracias et al. 1995) . BF 3 . SiO 2 is considered to activate the target carbonyl group, which is followed by an attack of the hydroxyl group of the reagent to afford A (Scheme S1, Supplementary material). Subsequent dehydration of A leads to the formation of oxonium ion, which undergoes an intramolecular azide attack, forming iminium ether intermediate in a concerted step, B. Loss of N 2 results in the formation of cation C, which rearranges the bond system upon hydrolysis to yield the titled compounds (4-6). The reusability of the BF 3 . SiO 2 catalyst was also studied. After each run, CH 2 Cl 2 was added and the product was filtered. The residue (catalyst) enveloped with solvent was evaporated and then further washed with CHCl 3 , dried, and reused. Notably, treatment with CHCl 3 removes tar more efficiently from the catalyst surface (Sadeghi et al. 2008 ). This catalyst was reusable, despite a gradual decline in activity.
Antimicrobial study
Azacholestanes 4-6 were tested for their in vitro antimicrobial activity against the bacteria, S. aureus, S. pyogenes, P. aeruginosa, K. pneumonia, E. coli and the fungi, P. marneffei, A. fumigates, T. mentagrophytes, C. albicans, Scheme 1 Synthesis of azacholestanes in the presence of silicasupported boron trifluoride (BF 3 . SiO 2 )
Appl Biol Chem (2016) 59(1):117-127 121 and C. krusei. The in vitro study disclosed that compound 6 was the most active against all test pathogens and exerted good activity against E. coli and C. albicans. The zone of inhibition of compound 6 was 23.8 ± 0.64 mm against E. coli, while that of 6 was 26.1 ± 0.50 mm against C. albicans (Tables 1, 2 ). The high potency of 6 may be associated with the presence of a certain number of H-bonds with proper orientation and the electron-withdrawing nature of the present group at the 3-position of the cholestane skeleton. To verify the above results, in silico screening of compounds (4-6) was conducted.
Antioxidant activity
The DPPH method is widely used to measure the ability to scavenge free radicals by antioxidants. Therefore, the free radical scavenging activities of azacholestanes 4-6 were investigated using the DPPH method. The assay is based on the reduction of DPPH, and the odd electron in the DPPH gives a strong absorption band at k 517 nm, which is purple in color, making it suitable for spectrometric studies. The intensity of the DPPH assay decreases as the odd electrons of the DPPH-free radical are paired off in the presence of hydrogen donors via free radical scavenging (Milardovic et al. 2005) . The azlactones interacted with DPPH, resulting in its transformation to 1,1-diphenyl-2-picrylhydrazine. The extent of decolorization is indicative of antioxidant behavior of a particular compound. In this study, ascorbic acid was used as the reference compound and all the tests were performed in triplicate. Compound 6 showed the highest IC 50 value, followed by compounds 5 and 4, respectively (Table 3 ). Molecular descriptors are exploited to correlate antioxidant activity with the structural features of azlactones responsible for the biological activity described in the section of computational methods.
Structure-activity relationship
The structure-activity relationship (SAR) between the series of compounds can be ascertained based on its 3D coordinative structures. The relationships can then be further supported by analyzing their biological assays, notably by screening the synthesized compounds for their plausible antimicrobial activity. SAR provides information regarding the nature of functional groups present in the skeleton and their impact on biological mechanisms in the organism. However, it is difficult to draw conclusions regarding the molecular events from the structure-activity relationships owing to the small number of compounds. Attempts were made to simplify the structural activity relationships with compounds containing substituents at the 3-position of the steroidal skeleton. SAR of the azacholestanes 4-6 was carried out by introducing substituents at the 3-position of the steroidal skeleton. The results revealed that compounds with additional functional groups in the cholestane moiety at position 3 (5 and 6) ( Fig. 1) have potent inhibitory activity, while the non-substituted compound 4 showed poor activity against most test strains. This poor activity may be due to lack of the meaningful interaction between the compounds and receptors (amino acids). The poor activity of compound 4 may also be due to the unavailability of a certain number of secondary forces (acceptor hydrogen bond AHB and donor hydrogen bond DHB) to a receptor that does not agree with concept of the druglikeness (Fig. 1) . The geometrical structure of compound 6, which showed higher activity than the other compounds, is presented in Fig. 1 (6) . The yellow circle corresponds to the maximal projection area and the green circle to the minimal projection area. These areas are associated with the van der Waals radius around the molecule.
In silico screening
Molecular docking studies were carried out to identify methods to explain the obtained antimicrobial results. Hence, the antibacterial data of the most active compound (6) were investigated on a structural basis, as well as by molecular modeling and a docking study against the pathogenic protein (4BH5 pbd) using MVD, Discovery studio software, and DockingServer to predict the affinity, orientation, and surrounding surface (Fig. 2) of the synthesized compounds at the active sites of pathogenic protein. The hydrogen bonds, van der Waals forces, and hydrophobic behavior of amino acids were in good agreement with the predicted binding affinities obtained by molecular docking studies, as verified by antibacterial studies showing compound 6 (Fig. 2) to be the most active among the series and comparison with a standard drug. Based on the molecular docking studies, the TYR310:OH-:UNK1:Cl 0, TYR310:OH-:UNK1:O, GLN409:N-:UNK1:O, and ALA410:N-:UNK1:O residues (Figs. 2, 3 ) interacted with compound 6 in the proper orientation and comparatively high frequency. The binding energies for compounds 4-6 ( Supplementary Fig. 3 ) were estimated to be -2.41, -2.89, and -3.31 kcal/mol, respectively. The force operating in the docking simulation is primarily associated with hydrogen bonding, electrostatic forces, van der Waals forces, and hydrophobic interactions. Moreover, the docking energy, inhibition constant, and intermolecular energy were determined. As shown in Supplementary  Fig. 3 , compound 6 demonstrated better affinity to receptors and showed better docking scores as it was buried well inside the cavity of the target protein. Moreover, the chloro-group present at the 3-position of the steroidal skeleton, which is an electron withdrawer, creates an electron deficiency around the skeleton. This deficiency results in a strong interaction with biological molecules carrying a negative charge, which brings the field of electromagnetic attraction into existence, causing either the death or reduction of microorganisms. The Ligand Map (Molegro Molecular Viewer; MMV) software was used to investigate the interaction between the docked ligands (synthesized compounds) ( Supplementary Fig. 4 ) and the active site residues. The number of steric, overlay, and hydrogen bond interactions and their patterns were matched using the diagram automatically generated by software. Hence, Ligand Map is useful as an alternative for identifying secondary interactions and hydrogen bond patterns after successful docking operations.
Quantum mechanics and physicochemical properties
Theoretical science, which is involved in chemistry and physics calculations to make predictions about chemical phenomena between chemical structures and properties, are known as SAR studies. The quantum mechanical descriptors that are useful in SAR studies are as follows: heat of formation, electrophilicity (), global softness (), global hardness (), chemical potential (), dipole moment, frontier molecular orbitals (FMOs), and physicochemical properties. For correlation of the biological activity of steroidal compounds (4-6) with molecular descriptors, semi-empirical and physicochemical calculations were carried out by the PM3 semi-empirical method and STO-3G using the Gamess interface as well as WebMO Pro Job Manager for calculation and Avogadro for visualization and analysis. Molecular descriptors and physicochemical parameters of azacholestanes are listed in Supplementary Table 1 . The negative heat of formation calculated using the PM3 semiempirical method specified that all compounds are thermodynamically stable. The calculated value of the energy by DFT at STO-3G using WebMO Pro Job Manager for 6 (-46.9 kJ/mol) was lower than that of compounds 4 (-45.9 kJ/mol) and 5 (-40.1 kJ/mol), signifying the thermodynamic stability of 6. The HOMO-LUMO energy difference of compound 6 (-8.767 eV) is less than that of compounds 4 and 5 and explains its higher affinity toward biological assays. The energies of the FMOs are important properties in several chemical and pharmacological strategies. The difference in the energies of FMOs establishes properties of the system and provides information regarding the electron-donating and -accepting characteristics of compounds bridging the HOMO-LUMO systems (Fig. 3 ). The energy of the highest occupied molecular orbital (E HOMO ) measures the electron-donating nature of a compound, and the energy of the lowest unoccupied molecular orbital (E LUMO ) measures its electron-accepting nature. Based on these definitions, a higher E HOMO will be associated with greater electron-donating capability, while a smaller E LUMO will result in reduced resistance to accept electrons. For the active compounds, the E HOMO must bring negative values, whereas the less active/inactive compounds must have positive values, as shown in Supplementary Table 1 . Compounds showing less activity in a pharmacological process are more efficient electron-donor compounds than active ones, although the inactive compounds may interact with some compounds through a charge-transfer mechanism before reaching the biological receptor. Moreover, the total dipole moment is considered an important physical quantity because it is a sign of interaction ability of the molecules with the surrounding environment. Dipole moments identify the molecular orientation in terms of the degree of symmetry and magnitude of the dipole moment for compounds and may inversely match the antioxidant activity (Rasulev et al. 2005; Han et al. 2009 ). The more symmetric compound 6, which has a relatively lower dipole moment, is more efficient as an antioxidant than that of the less symmetric compounds 4 and 5 (Supplementary Table 1) . A literature review revealed several inconsistencies associated with the correlation of the dipole moment and biological activity (Karelson et al. 1996) ; accordingly, there are no coherent trends between the dipole moment values and activities. However, the total dipole moment reflects only the global polarity of a molecule. The lipophilic nature of a molecule, which plays an important role in its bioaccessibility, depends on two important factors: hydrophobicity and polarity. These factors facilitate crossing of the cellular membrane or irreversibly damage the cellular membrane. Figure 4 shows the MLP of compounds (4-6), suggesting that the compound with the acetoxy group at the 3-position of the steroidal skeleton in the cholestane series is more lipophilic than that of its analogs (4 and 6). In the present study, the log P of the most active compounds is higher under certain conditions than those of less active compounds in a biological process. Among the three compounds (4-6), the antimicrobial/antioxidant activity decreased with increasing Log P, which is usually correlated with biological activity. According to the Lipinski rule of five, the majority of drug-like molecules should have the following properties: Log P B 5, number of hydrogen bond acceptors B10, molecular weight B500, and number of hydrogen bond donors B5. Lipinski's rule of five is generally required to filter molecules with drug-like properties. Molecules violating more than one of these rules may have problems with bioavailability. However, the rule does not predict if a compound is pharmacologically active. There are many exceptions to Lipinski's Rule. For example, atorvastatin and cyclosporin do not obey the rule of five. The partition coefficient or Log P is an important parameter used in rational drug design to measure molecular hydrophobicity. The hydrophilic/lipophilic nature of a drug molecule affects absorption, bioavailability, drug-receptor interactions, metabolism of molecules, and toxicity. The Log P values of derivatives were found to range from 6.389 to 7.07, which is a clear violation of Lipinski's rule of five. None of the compounds (4-6) satisfied Lipinski's rule as their Log P score was above 5, suggesting that these compounds are highly lipophilic with very poor aqueous solubility. In addition, molecular volume, an important descriptor, is also used in SAR studies for prediction of the molecular properties, including biological activity. The active compounds 5 and 6 were also found to have a higher molecular volume than 4. Molecular polar surface area (PSA) is closely related to the hydrogen-bonding potential of a molecule and a very useful parameter for prediction of drug transport properties; accordingly, this parameter is frequently used in medicinal chemistry to optimize the absorption ability of cells. Molecules with a polar surface area of greater than 140 Å tend to be poor at permeating cell membranes. As shown in Fig. 4 and Supplementary Table 2 , all compounds (4-6) were found to range from 32.592-58.897, which is under the limit, that is, 140 Å in respect of PSA, they showed that molecules have the optimum requirements for drug absorption.
In conclusion, a simple procedure was applied for the synthesis of azacholestanes using BF 3 . SiO 2 , which is a heterogeneous, efficient catalyst, and an inexpensive solid acid. This method offers the advantages of short reaction times, high yields, simple methodology, easy work-up, and green conditions. In addition, quantum molecular descriptors associated with structure-biological activity relationships such as the HOMO-LUMO energy cap, softness, total energy, chemical hardness, dipole moment, and chemical potential of steroidal compounds were also studied theoretically. Quantum chemical and physicochemical descriptors indicate that antibacterial and antioxidant activity are correlated with the HOMO-LUMO energy difference of compounds and calculated log P under certain limits. The highest biological activity of compound 6 among the three compounds and the results of computational studies would facilitate synthesis of a large library of azacholestanes analogs for extensive antimicrobial and antioxidant studies for use in development of a more appropriate drug candidate. 
